Excess body weight leads to a variety of metabolic changes and increases the risk for cardiovascular diseases (CVD) in adulthood. The objective of this study was to investigate the presence of risk markers for CVD among Brazilian adolescents of normal weight and with excess body weight. The markers included blood pressure, C-reactive protein, homocysteine, tumor necrosis factor alpha, fibrinogen, fasting insulin and glucose, homeostasis model assessment insulin resistance (HOMA-IR), leptin, total cholesterol, low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), and triglycerides. We calculated odds ratios (OR) using logistic regression and adjusted for the potential confounders such as age, sex, physical activity and socioeconomic background. Compared to normal weight subjects, overweight/obese adolescents were more likely to have higher 
Introduction
The prevalence of excess body weight (overweight and obesity) in childhood and adolescence has increased globally. In Brazil, in 2010, 20 .6% of adolescents were classified as having excess body weight, with 5.0% of them being obese (Brasil 2010) . Excess body weight in adolescence determines the risk for excess body weight in adulthood. Excess body weight in adulthood leads to a variety of metabolic changes, to insulin resistance and inflammation, produces changes in cardiometabolic risk markers, and increases the risk for cardiovascular diseases (CVD) (Mathieu et al. 2009; Bastien et al. 2014; McGown et al. 2014 ).
The pathophysiological processes linking excess body weight to atherosclerosis and CVD involve factors such as visceral obesity, excess ectopic fat, insulin resistance, atherogenic dyslipidemia, and hypertension (Bastien et al. 2014) . Elevated circulating inflammatory markers predict an unfavorable course of acute coronary syndromes and represent new targets for therapy (Libby et al. 2002) . Furthermore, there is evidence that adipose tissue is a key organ in the production and regulation of endocrine and paracrine hormones modulating both inflammation and metabolic processes (Bastien et al. 2014 ).
Hormones such as leptin, along with inflammatory biomarkers such as high-sensitivity Creactive protein (hs-CRP) and tumor necrosis factor alpha (TNF-α), contribute to the inflammatory profile in the process of obesity (Bastien et al. 2014) , and therefore to the risk for cardiometabolic diseases (Lowe 2001) .
Studies of the past decade have revealed that these pathophysiological processes are not limited to obese adults, but that, in fact, elevated cardiometabolic risk markers are increasingly common among adolescents (Lobstein et al. 2004) . Most of the studies were conducted in high-income countries where the prevalence of obesity has gradually increased over the past five decades (Lobstein et al. 2004) . Brazil is a country of upper middle income D r a f t 5 that has experienced a rapid nutritional transformation and a more recent rapidly developing obesity epidemic with current obesity rates of the same magnitude as reported for North America (Monteiro et al. 1995; Monteiro et al. 2002; Lobstein et al. 2004; Ng et al. 2014) .
Therefore, the objective of the present study was to investigate whether excess body weight among Brazilian adolescents is paralleled by an increased cardiometabolic risk profile.
Material and Methods

Study population
The study population consisted of a cross-sectional sample of 15-17-year-old high school students living in the city of Joinville, Santa Catarina, Brazil. The first phase of the study was carried out between May and November 2007. Joinville has 28 schools with 436 classes. A total of 2,195 students agreed to participate in the study, gave written informed consent, and completed a short survey of socioeconomic and demographic characteristics.
They also took home an informed consent form to be completed and signed by their parents/guardians, which was returned by 1,104 (50.3%) of them.
The second phase of data collection took place between September and November 2008. All 1,104 participants of the first phase were invited to participate in the second phase of the study. They were contacted by phone and by a personal visit to their residence, and were informed about the day and place of data collection. At the end of the study, 222 students had attended data collection. Assessments during this phase included weight and height, blood pressure, and serum levels of hs-CRP, homocysteine, TNF-α, fibrinogen, fasting insulin, fasting glucose, leptin, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), and triglycerides (TG).
The research was carried out in accordance with the Declaration of Helsinki and the Ethics Committee of the University of Joinville Region approved the study (Case No. 005/2007) .
Data collection
The anthropometric measurements were taken early in the morning after an overnight fast. The adolescents were weighed on a Filizola ® digital scale (Curitiba, PR, Brazil) with a capacity of 180 kg to the nearest 0.1 kg, using light clothes (t-shirt and short), without shoes and accessories (caps and jewelry Physical activity was classified according to the International Physical Activity Questionnaire (IPAQ) (Craig et al. 2003) . Income was evaluated using a Brazilian instrument that estimates the purchasing power of urban individuals and families (Associação Brasileira 
Biochemical analysis
Approximately 15 Fasting glycemia was classified based on the criteria currently adopted for the diagnosis of type 2 diabetes, which are the same for adults and children (Genuth et al. 2003) . Since no reference values for CRP exist in the international literature for adolescents, we used the values for adults (Pearson et al. 2003) . Human leptin levels were determined by ELISA using an EZHL-80SK kit (Millipore Corporation ® , St. Charles, MO, USA) with 0.5 ng/mL sensitivity. Fibrinogen was estimated by the Clauss method using a commercial fibrinogen kit (Wiener lab ® , Rosário, Argentina) with an analytical sensitivity of 10 mg/L. All measurements were performed at a laboratory accredited by the Brazilian Society of Clinical Analysis.
Statistical analysis
Data were analyzed statistically using the IBM Corp. (Maximova et al. 2013) . These D r a f t 9 thresholds were similar to those used in other studies with adolescents (Lambert et al. 2004; Maximova et al. 2013 ).
The relationships between BMI and the above cardiometabolic risk factors were assessed using the Spearman correlation coefficient. To further investigate the association of body weight status (underweight/normal weight versus overweight/obese) with each of the cardiometabolic risk factors, we calculated odds ratios (OR) and 95% confidence intervals (95%CI) using logistic regression. In these regression analyses, we adjusted for the following confounders: age, sex, family income, mother's education, and physical activity. The analysis of homocysteine was further adjusted for vitamin B12 due to the confounding influence of Vitamin B12 on the homocysteine metabolism (Jacques et al. 2001 ). All analyses were considered to be significant when p<0.05.
Results
The characteristics of the study population are listed in Table 2 ).
The Spearman correlation coefficients for BMI and cardiometabolic risk markers are shown in Table 3 . BMI was positively and significantly (p <0.01) correlated with SBP, fibrinogen, fasting insulin, HOMA-IR, leptin, LDL-c and TG, and negatively correlated with HDL-c (Table 3) . Lower HDL-c levels (<25 th percentile) were associated with excess body weight when compared to normal weight adolescents (OR = 2.76; 95%CI: 1.37-5.56). Adjustment for age, female sex, family income, mother's education or physical activity did not substantially alter the estimates, except for the risk of high leptin concentrations, which increased from 5.50 to 11.09 (p<0.01) ( Table 4) .
Discussion
In this study, we show that Brazilian adolescents with excess body weight have several cardiometabolic risk factors. The prevalence of these risk factors may in fact be more common than previously reported (Weiss et al. 2004 ). Our study confirms reports of D r a f t 11 adolescents residing in high-income countries (Freedman et al. 1999; Herder et al. 2007; Caserta et al. 2010; Maximova et al. 2013) , in Brazil (Brasil et al. 2007; Silva et al. 2010; Cardoso et al. 2014; Azevedo et al. 2015) , and in other upper middle-income countries (Kelishadi et al. 2007; Agirbasli et al. 2015) , which have shown increases in risk markers at an early age. In addition, unlike previous studies, the present study estimated the likelihood of Brazilian adolescents with excess body weight having altered values of cardiometabolic risk markers considering 14 different markers.
Our results also show that in the presence of excess body weight and after adjusting for age, female sex, family income, mother's education and physical activity, there was an increase in the risk of insulin resistance -HOMA-IR index (OR = 8.84; p<0.001). This information offers an opportunity to emphasize the importance of treating excess body weight at an early age in order to prevent future consequences. Insulin resistance is the most common metabolic alteration related to obesity and represents an important link between obesity and other cardiometabolic complications, including metabolic syndrome and type 2 diabetes mellitus (Herder et al. 2007 ).
Independent of body weight, the prevalence of insulin resistance observed here (46.3%) was alarming. The high prevalence of insulin resistance observed in the present study agrees with findings obtained for Brazilian and Chinese adolescents and may predict an increasing burden of metabolic disease in the near future (Rizzo et al. 2013; Yin et al. 2013 ).
HOMA-IR may be useful for the early evaluation of insulin resistance in adolescents and
could have a long-term benefit for preventive and diagnostic therapeutic interventions (Yin et al. 2013 ). On the other hand, there are numerous criticisms regarding the use of HOMA-IR, the most important being the lack of standardization of insulin measurements, which impairs comparisons with other studies or populations (Yin et al. 2013) . Furthermore, the different cutoff points used in the literature make it difficult to compare studies.
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Another point to be noted in this study is the effect of excess body weight on leptin levels. Leptin is a hormone primarily synthesized and produced by adipocytes and has been identified as a key factor in maintaining energy balance and overall body weight composition (Venner et al. 2006) . Elevated circulating leptin levels are independently associated with the incidence of CVD (Koh et al. 2008) , including insulin signaling, immunity, vascular function, and blood pressure regulation (Martin et al. 2008) . In some contexts leptin seems to promote both atherogenesis and insulin resistance or, in contrast, may have antiatherogenic and insulin-sensitizing effects (Koh et al. 2008) . These opposite actions of leptin are maintained in balance under healthy conditions but not in pathological conditions such as obesity, in which the change in leptin actions may stimulate vascular inflammation, oxidative stress, and vascular smooth muscle hypertrophy (Koh et al. 2008) . These actions may contribute to the pathogenesis of hypertension, atherosclerosis, left ventricular hypertrophy, and type 2 diabetes mellitus (Koh et al. 2008) .
Considering that atherosclerosis is increasingly viewed as an inflammatory disease caused by lipoproteins, metabolic signals, hemodynamic stress, and the integrated activity of immune cells and inflammatory cytokines, it is interesting to note that leptin and inflammatory pathways demonstrate reciprocal modulation and shared association with cardiovascular risk (Martin et al. 2008) . Leptin is also a common mediator of the neuroendocrine and immune systems. In the immune system, leptin, in combination with CRP and interleukins 1 (IL-1) and 6 (IL-6), can act as an early acute-phase reactant produced at high levels during inflammation, which can be induced by other inflammatory mediators such as TNF-α and IL-1 (La Cava and Matarese 2004) . Therefore, although leptin has welldocumented proinflammatory properties, it might act as an acute-phase reactant in some conditions and not in others (La Cava and Matarese 2004) . In the present study, the adolescents with excess body weight showed an 11 times higher likelihood of increased leptin D r a f t 13 levels compared with normal participants. This finding is in agreement with the theory of a leptin-resistant state existing in most overweight/obese humans when there is a defect within the leptin signaling cascade (Venner et al. 2006 ).
While there is no global consensus about the definition of obesity from a biological standpoint, values used in research settings have proven useful at identifying people with risk factors for developing numerous other chronic diseases, such as type 2 diabetes, heart disease, and non-alcoholic fatty liver disease (Jean et al. 2014; McGown et al. 2014) . Excess body weight must be studied as a primary condition rather than as an accidental condition derived from other diseases.
Over the last decade, important contributions have been made to the understanding of the different functions of adipose tissue. However, the interplay between the signaling cascades involved in the major outcomes of overweight/obese individuals, such as inflammation, insulin resistance and hormonal deregulation, has yet to be elucidated (McGown et al. 2014 ).
This study has several strengths that should be mentioned, including the collection of prospective data and the ability to adjust for several important confounding factors. All data, including anthropometric measures, were collected by the same research group, which helps reduce possible bias. In addition, we observed that 69.7% of the adolescents had TG concentration <100 mg/dL, i.e., normal values for fasting, confirming compliance with the request to fast. However, the values observed for glucose concentrations were high in both weight categories analyzed. One may speculate that some participants had fasted, but did consume some sugary drinks despite our instructions that only water consumption was 
